The electronic nematic phase is an unconventional state of matter that spontaneously breaks the rotational symmetry of electrons. In iron-pnictides/chalcogenides and cuprates, the nematic ordering and fluctuations have been suggested to have as-yet-unconfirmed roles in superconductivity. However, most studies have been conducted in thermal equilibrium, where the dynamical property and excitation can be masked by the coupling with the lattice. Here we use femtosecond optical pulse to perturb the electronic nematic order in FeSe. Through time-, energy-, momentum-and orbital-resolved photo-emission spectroscopy, we detect the ultrafast dynamics of electronic nematicity. In the strong-excitation regime, through the observation of Fermi surface anisotropy, we find a quick disappearance of the nematicity followed by a heavily-damped 2 oscillation. This short-life nematicity oscillation is seemingly related to the imbalance of Fe 3dxz and dyz orbitals. These phenomena show critical behavior as a function of pump fluence. Our real-time observations reveal the nature of the electronic nematic excitation instantly decoupled from the underlying lattice.
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oscillation. This short-life nematicity oscillation is seemingly related to the imbalance of Fe 3dxz and dyz orbitals. These phenomena show critical behavior as a function of pump fluence. Our real-time observations reveal the nature of the electronic nematic excitation instantly decoupled from the underlying lattice.
Iron-based superconductors exhibit attractive properties represented by high-transitiontemperature (Tc) superconductivity and comlex competing phases 1 . Their electronic strucrtures are consisting of multiple iron 3d orbitals, thus giving rise to a variety of antiferroic and ferroic ordering phenomena involving spin and orbital profiles [2] [3] [4] . Among these mysterious phases, there has been increasing interest in the nematic order [5] [6] [7] [8] [9] [10] [11] [12] [13] which spontaneously breaks the rotatioal symmetry of electrons and triggers the lattice instability 8 . Recent investigations by electronic Raman scattering 14, 15 and elastoresistivity measurements 11 unveiled the fluctation of the electronic nematicity and its critical behavior commonly in the optimally doped regimes of different material families 11 .
FeSe exhibits superconductivity (Tc = 9 K) and a nematic order accompanied by the tetragonalto-orthorhombic lattice deformation (Ts = 90 K) without any magnetic order 16 . Its electronic structure is given in Fig. 1 (Supplementary Note 1). In the tetragonal phase, FeSe exhibits a circular Fermi surface around the  point (Fig. 1a) . Along kx (ky), the hole band forming the Fermi surface has the yz (xz) orbital component. Note that such momentum (k)-dependent orbital characters keep the four-fold (C4) symmetry (Fig. 1b) . In the orthorhombic (nematic) phase, the k-dependent orbital polarization 17 modifies the Fermi surface shape into an elliptical one (nematic Fermi surface) as shown in Fig. 1c , resulting in inequivalent Fermi momenta (kF) along kx and ky (kFx < kFy). At the same time, the orbital components at the kF's are mixed, especially along kx as shown in Fig. 1d (Supplementary Note 2). While these characteristics associated with the nematic order have been verified through intensive angle-resolved photo-emission spectroscopy (ARPES) studies [17] [18] [19] [20] , the understanding of dynamics and excitations peculiar to this 3 condensed state are yet lacking. (Fig. 1e) , the ultrafast dynamics of the nematic Fermi surface and the orbital-dependent carrier dynamics can be visualized.
Results

Ultrafast dynamics of nematic Fermi surface.
Immediately after the photo-excitation (t = 120 fs), the hole bands around the  point along kx
and ky exhibit remarkable momentum shifts with the opposite signs, and take the comparable kF values as indicated by the red and blue arrows in Fig. 2a,b . This observation suggests that the elliptical Fermi surface quickly changes to circular by the photo-excitation, thus indicating the melting of the nematic order. Here we track the time dependence of kFy(t) for respective F (Fig. 2d ). As shown in Fig. 2c,   4 kFy(t) indicates the sudden decrease at t ~ 120 fs representing the melting of nematicity, followed by the subsequent recovery in ~1 ps. The overall picture of this transient Fermi surface for F > Fc is shown in Fig. 2e . We further find that the recovery clearly becomes faster for F > Fc, and some modulated feature appears. The time dependences of kFx and kFy for 220 Jcm −2 , where the modulation appears most strongly, are presented in Fig. 2f . These data indicate that the C2 anisotropy in kF is completely suppressed (kFx  kFy) within the time resolution (250 fs), followed by an anomalous hump in the recovery. [25] [26] [27] . Their possible interplay is unfortunately hidden in the present TARPES data, possibly due to the duration of the pump pulse (170 fs) comparable to the time period of A1g mode (190 fs) that tends to vanish the coherent oscillation.
Orbital-dependent carrier dynamics.
Based on the behavior of transient Fermi surface, we focus on the orbital-dependent carrier dynamics. With p-polarized probe pulse, we obtain the energy-distribution curves (EDCs) for xz and yz electrons around the  point by integrating ky and kx in 0.00  0.04 Å −1 , respectively (see Supplementary Note 3 for experimental settings). The main peak of EDC around −18 meV in Fig. 3a ,b,e,f corresponds to the top of the middle () hole band sinking below EF, predominantly of yz orbital character (Fig. 1d ). In the weak-excitation regime of F = 40 Jcm −2 ( Fig. 3a,b) , the main peak gets rapidly suppressed, and 5 electrons are excited toward the unoccupied state. We note that the excited tail intensity of EDCs at E > EF is very low for yz, being consistent with the predominantly xz character of the outer () hole band top at  (Fig. 1d ) 30 . Here we track the evolution of the corresponding photo-electron intensities I(t) at E -EF = 7.5  2.5 meV and k = 0.00  0.04 Å −1 , i.e. black rectangles in Fig. 1b,d . Figures 3c,d show that I(t)
for xz and yz exhibit the similar exponential decay function with two time constants 850 fs and >80 ps, thus indicating the mostly equivalent relaxation processes of both orbitals.
In the strong-excitation regime, the photo-response changes drastically. The EDCs in Fig. 3e ,f
show that the photo-excited states at E > EF also appear in yz, indicating that the C4 isotropic state ( To discuss the retardation behavior, the F dependence of I(t) for xz is shown in Fig. 3i . In the weakexcitation regime (F < Fc), I(t) curves commonly show the simple relaxation with the maximum around 250 fs. With increasing F, the retardation suddenly shows up at F  Fc. Its timescale estimated by tret is 700 fs at F  Fc and gradually decreases to 350 fs by increasing F to 430 Jcm −2 .
Fluence-dependent dynamics of electronic nematicity.
Here we summarize the dynamics of the electronic nematicity in Fig. 4b . By fitting kFy(t) curves in Fig. 2d (Supplementary Note 6), we plot 1 and tp/2 for respective F. 1 is the exponential decay time 6 indicating the quick recovery of nematicity. It shows a constant value (800 fs) in the weak-excitation regime and a rapid decrease above F > Fc. The timescale of the Fermi surface oscillation indicated by tp/2, which only appears in F > Fc, also rapidly decreases from 700 fs to 300 fs as increasing F. It shows that the oscillation gets more severely damped and hard to observe at high F. We also overlay the timescale of the retarded maximum in xz component tret. As a result, 1, tp/2 and tret similarly show the maximum values at Fc = 220 Jcm −2 that monotonically decrease with increasing F, while keeping the common relation 1
 tret  tp/2. The relation tret  tp/2 implies that the orbital-dependent carrier dynamics is synchronized with the short-life nematic Fermi surface oscillation. We note that the transient Fermi surface at tp/2 ( tret) is more elliptical than that expected without the oscillatory response. Such an overshoot of the nematicity in
Fermi surface should also appear in the orbital-dependent carrier dynamics. In the process relaxing back from C4 isotropic to C2 nematic ground state, the electrons at the band top (black rectangle in Fig. 1 b,d) change their orbital characters from "(nearly) xz/yz degenerate" to "predominantly xz". The retarded maximum in I(t) for xz can be thus regarded as an indication of the orbital redistribution from yz to xz (Fig.   4a ). The synchronized responses in the Pomenranchuk Fermi surface oscillation and orbital-dependent carrier dynamics thus represent the nematic-orbital excitation.
Discussion
Now we discuss the nematic-orbital excitation obtained in the present TARPES by comparing with the nematic dynamics in thermal equilibrium as probed by the recent Raman scattering measurements. (Fig. 4c) . Figure   6 ). For t > 3 ps, it becomes nearly constant at ~45 K, indicating the realization of quasi-equilibrium state where the temperatures of electrons and lattice become equivalent through the electron-lattice coupling 33 . 8 The maximum lattice temperature is thus much lower than Ts (= 90 K), showing that the lattice stays orthorhombic. We also note that the reduction of the lattice orthorhombicity is known to occur in a much slower time scale (e.g. ~30 ps) with a much higher pump fluence (e.g. 3. 
Methods
Sample preparations.
High-quality single crystals of FeSe were grown by the vapor transport method. A mixture of Fe and Se powders was sealed in an evacuated SiO2 ampoule together with KCl and AlCl3 powders 16 . The transition temperatures of the single crystals were estimated to be Ts = 90 K and Tc = 9 K from the electrical 9 resistivity measurements. We showed the data obtained from five single crystals of FeSe which were synthesized less than two months before the TARPES measurements.
Time and angle-resolved photoemission measurements.
The TARPES measurements were done at ISSP, the University of Tokyo 28 . The laser pulse (1.5 eV and 170 fs duration) delivered from a Ti:Sapphire laser system operating at 250 kHz repetition (Coherent RegA 9000) was split into two branches: One is used as a pump, and the other was up-converted into 5.9
eV and used as a probe to generate photoelectrons. The delay origin t = 0 ps and time resolution (250 fs)
were determined from the pump-probe photoemission signal of graphite attached near the sample. The photoelectrons were collected by a VG Scienta R4000 electron analyzer. The EF and the energy resolution (20 meV) were determined by recording the Fermi cutoff of gold in electrical contact to the sample. To detwin the single crystals, we applied an in-plane uniaxial tensile strain 17, 19 , which brings the orthorhombic a axis (a > b) along its direction below Ts. We chose s and p polarizations to separately observe the xz and yz orbital electrons (see supplementary Note 3 for the details of experimental geometry and selection rule). Samples were cleaved in situ at room temperature in an ultrahigh vacuum of 5 × 10
Torr.
Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
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